Objective The aim of this study was to investigate (1) whether the learning curve of new catheterization laboratory operators increases the incidence of complications of transradial access during percutaneous coronary interventions and (2) whether manual compression with a twostep approach is safe and efficient for radial access hemostasis.
INTRODUCTION
Currently, percutaneous coronary intervention (PCI) is the most used procedure to treat coronary artery disease, both for acute coronary syndrome 1, 2 and for stable coronary artery disease. 3 The development of a new device and technique for PCI had led to a decrease in the incidence of adverse event associated with the procedure. A new access-site technique, such as radial access, facilitated a decrease in the incidence of vascular complications related to femoral access, which are associated with poor clinical outcomes at short-and long-term follow-up. 4 The recent multicenter randomized trial MATRIX 5 (Minimizing Adverse Hemorrhagic Events by Transradial Access Site and Systemic Implementation of Angiox) showed that radial access reduced the net adverse clinical events through decreases in the incidence of major bleeding and all-cause mortality. An emergent problem in the modern catheterization laboratory is the training of new operators. Experienced operators started to work with femoral access, which can be more difficult to manage especially for bleeding complications. Nowadays, cardiology fellows start their training directly with radial access, which is the first choice of access site in almost all catheterization laboratories, without the background of femoral access. In 2015, 71% of the interventional procedures performed in Italian catheterization laboratories were carried out through a radial access. Radial access is a more breakable access, even if the related complications are less serious. Operators with no experience in vascular access often can determinate an increase in the incidence of vascular complications or access failure. 6 These complications often derive from the management of the access after the procedure by introducer removal and access compression, which could be performed manually or with a device. [7] [8] [9] The Catheterization Laboratory, University of Pisa is both a highvolume center and an academic catheterization laboratory, located in a post-graduate school of cardiovascular medicine. We performed 1,446 coronary procedures in 2015, of which 77% were performed through a radial access. Every 3 months, new cardiology fellows, often with no previous experience in percutaneous vascular access, begin their training. Furthermore, in our center, introducer sheath removal is performed by a skilled nurse at the end of the procedure.
We conducted this study to investigate how the learning curve of cardiology fellows and the management of the access without a specific device affect the incidence of radial access complications.
METHODS
In the present study, we included all consecutive patients who underwent coronary angiography and/or PCI with radial access in our center. At the beginning of the procedure, an experienced operator evaluated the radial artery of the wrist with a semiqualitative scale ranging from 0 to 4, with 0 defined as the absence of a palpable artery, 1 defined as a weakly palpable artery with an unevaluable course, 2 defined as a highly palpable wrist artery with an unevaluable course, 3 defined as a weakly palpable wrist artery with an evaluable course, and 4 defined as a highly palpable wrist artery with an evaluable course. Four cardiology fellows were involved in the study, all without prior experience with radial access. Signed informed consent was obtained from all patients before the procedure. Ethical committee approval was waived for this study because all invasive procedures represent the current best clinical practice in our department.
The time to obtain access was calculated from the puncture for anesthesia to sheath insertion. Furthermore, we recorded all attempts to access the vessel irrespective of bleeding and classified the attempts according to three possible outcomes as follows: puncture of the access site without bleeding caused by the needle, puncture of the access site with bleeding caused by the needle but with inability to advance the wire, and puncture with bleeding caused by the needle and success to cross the wire. Then, the procedure was performed according to the clinical indication. The crossover access to the contralateral or femoral access was not considered as a failure if it depended on the anatomical complexity of the subclavian axis. The introducer sheath used was the Avanti+ transradial radial sheath (Cordis, Bridgewater, NJ, USA). Data about the procedure, such as the number of diagnostic or guide catheters, the total amount of heparin used during the procedure, and the total procedure time, were collected for all the patients. At the end of the procedure, a nurse removed the introducer and bandaged the radial access with a tight bandage. Then, the patient remained 30 seconds in the observation room, and a nurse provided a first loosening of the bandage to check for bleeding. If the hemostasis was good, a new less-tight bandage was prepared and the patient was returned to the ward, with a complete removal of the bandage after 4 hours. Otherwise, if the access was bleeding, a new tight bandage was applied, always with a complete removal after 4 hours.
The primary end point was a composite of pulseless radial artery of the wrist and hematoma evaluated after 24 hours (late complications). We performed statistical analyses to identify the minimum number of punctures needed to reduce adverse events. The secondary end point of efficacy was defined as the presence of bleeding or hematoma after 30 minutes (early complications).
Continuous variables were presented as mean ± standard deviation or as median and interquartile range, and compared using 
RESULTS
The patients' baseline characteristics are summarized in Table 1 . From March 2016 to June 2016, 150 consecutive patients who underwent coronary angiography and/or PCI through radial access were included in the present study. During this period, four cardiology fellows rotated through the catheterization laboratory. Thus, we can assume a mean of 37 cases for each fellow. All the fellows had no prior experience with percutaneous vascular access. The mean age of the patients was 70.1± 12.7 years. Of the patients, 67.3% (n = 101) were male. In 56.7% (n = 85) of the cases, the patient presented with an acute coronary syndrome, which was an ST-segment elevation myocardial infarction in 43.5% of the cases. The procedural characteristics are summarized in Table 2 . After radial access evaluation, we classified the radial artery of the wrist with values of 1, 2, 3, and 4 in 3.3%, 19.4%, 24%, and 53.3% of the patients, respectively. A successful access was achieved in 95.3% of the cases. The mean access time was 4.5 minutes. The diagnostic procedure was performed in 88 patients (58.6%), whereas 17 patients underwent PCI directly, usually for a staged revascularization. The mean number of diagnostic catheters for systematic use in the dual catheter technique for diagnostic angiography was 2.23. Regarding the needle puncture, four or more attempts were needed in only 10.7% of the patients. The access was obtained with a single puncture in 60% of the patients, even though it was performed by training physicians.
Early complications (within half an hour) developed in 16 patients (10.7%), including bleeding related to the access site (n = 7) and hematoma (n= 9). A new bandaging was needed in 7 patients (4.6%), while in the remaining patients, the previous bandaging was loosened in accordance with the protocol. Late complications (after 24 hours) occurred in 30 patients (20%) and were all cases of hematoma. In 5 patients (3.3%), the wrist artery was not palpable. The primary and secondary efficacy end points occurred in 33 (22%) and 7 patients (4.7%), respectively. Furthermore, we found that having fewer than four punctures to obtain vascular access was significantly associated with a lower incidence of pri- All cardiology fellows were at their first experience with vascular access. Expertise for radial access mary end point when compared with four or more punctures (17.9% vs. 56.2%; odds ratio, 3.14; 95% confidence interval, 1.78 to 5.52; P = 0.002) ( Table 3) . No correlation between the primary and secondary end points was highlighted in our analyses. Otherwise, considering only puncture with successful blood flow but no possibility of advancing the wire, we found that fewer than three punctures were associated with a lower incidence of complications as compared with three or more punctures (20.1% vs. 66.7%; odds ratio, 3.31; 95% confidence interval, 1.72 to 6.35; P = 0.021).
DISCUSSION
Cardiology fellowship apprentices significantly support patient care in academic medical centers. This includes performance of invasive procedures in the cardiac catheterization laboratory. Major studies that compared radial and femoral access techniques have focused on data obtained from skilled and experienced operators; similar data with cardiology fellows as primary operators are limited. The major findings from our study include the following: (1) radial access is a quick vascular access and feasible also by cardiology fellows; (2) three or more puncture attempts (when considering successful blood-taking puncture but without wire advancement) are associated with an increase in the rate of complications; and (3) management of access bandage with a manual system provides good results in terms of hemostasis and complications.
Radial access for PCI is the most investigated technical solution to reduce bleeding and vascular complications, especially for populations with a high bleeding risk, such as women. The previous studies, including a randomized clinical trial, showed how radial access reduced bleeding and influenced long-term outcome. [10] [11] [12] An emergent issue is that cardiology fellows start their training directly with radial access without a knowledge background on femoral access, considering that radial access is prevalently used in catheterization laboratories.
In our study, the success rate of radial access was more than 95%, even though it was performed by training operators. The median time to obtain access was approximately 4.5 minutes, lower than that reported in a previous study that evaluated cardiology fellows. 13 Other interesting data that emerged from this analysis are that in more than 60% of patients, radial access was obtained at first attempt and, if the operator was in training, underline the feasibility of this vascular access. From our observations, three or more puncture attempts seemed to not increase the complication rate, so training physicians could be allowed to try to obtain access until these limits. However, when we consider only punctures touching the artery, this limit decreases to two attempts. This finding underlines that only puncture touching the artery can lead to an increase in complication rate, whereas puncture of subcutaneous space is not associated with arterial complications. The incidence of radial occlusion evaluated by palpation in our study was 3.3% at 24 hours, lower than the 7.7% reported in a recent meta-analysis. 14 Management of the radial access site after the procedure is controversial. Different studies investigated whether the use of a bandaging device is more effective than use of a bandage alone, but no clear evidence has emerged. 8, 15, 16 Previous studies reported that short-time compression is equally effective in terms of radial occlusion and complication rates. 7, 9 In our center, bandaging with an elastic compression band represents the standard procedure to remove the introducer. In addition, we performed an early evaluation of the access site after 30 minutes to evaluate whether hemostasis was obtained. With these protocols, we obtained a 3.3% incidence rate of severe complications, represented by a pulseless wrist at 24 hours. The incidence of other complications such as the hematoma was less substantial, and none led to a disability or prolonged hospitalization. This study is constrained by the limitations inherent to a nonrandomized study. Our sample is from a single center and limited to a relatively short time frame. In addition, variables such as patient satisfaction and comfort were not included owing to the study design. This finding could have been a result of the suitable selection of patients by attending physicians for fellowship trainees to gain vascular access. Despite these limitations, our study has potential implications in guiding fellowship training curriculum by demonstrating that transradial access poses a steeper learning curve for cardiology fellows. Another limitation of the Refers to the total number of punctures regardless of the presence of blood.
c)
The total number of punctures with blood but no possibility to advance wire.
Simona Susanu, et al. study is the absence of a long-term follow-up of the access site (i.e., at 1 month) and of an objective evaluation to determine the radial occlusion.
Radial access represents an ideal vascular access for PCI and for unskilled physicians. In hospitals with training programs for PCI, no more than three (or two with successful drawing of blood) punctures should be attempted to avoid an increase in vascular complications. A manual bandage with early examination for bleeding can be used to manage the access site after the intervention.
